Wide-field optical imaging was obtained of the cluster and reflection nebula NGC 7023 and the Bok globule B175. We report the discovery of four new Herbig-Haro (HH) objects in NGC 7023, the first HH objects to be found in this region. They were first detected by their Hα and [S II] emission but are also visible at 3.6 and 4.5µm in archival Spitzer observations of this field. These HH objects are part of at least two distinct outflows. Both outflows are aligned with embedded "Class I" YSOs in a tight group on the western edge of the nebula. One of the outflows may have a projected distance of 0.75pc, which is a notable length for an embedded source.
Introduction
Supersonic outflows from young stellar objects (YSOs) are often seen at optical wavelengths as Herbig-Haro (HH) objects. HH objects are produced by shocks from the collision of the outflow with the external medium or with previously ejected outflow components, producing collisionally excited forbidden lines. In the optical, they can be readily identified by their Hα and [S II] line emission, non-stellar appearance, and nearly collinear alignment. See, e.g., Bally & Reipurth (2001a) for a more detailed discussion. Despite their distinctive characteristics, HH objects can be difficult to find in the dense, complex environment in which YSOs are forming. In this paper we report on the search for HH objects in the regions of NGC 7023 and Barnard 175 (B175).
NGC 7023 is a reflection nebula illuminated by the Herbig Be star HD 200775. It is embedded in a giant molecular cloud complex known as the "Cepheus Flare" Shell (Hubble 1934) and is on the northern edge of the L1167/L1174 complex. The measured distance to HD 200775 via Hipparcos parallax is 430 +160 −90 pc (van den Ancker et al. 1997 ), which we adopt here; although Kun, Kiss & Balog (2008) and references therein argue for other distances. No prior discoveries of HH objects in NGC 7023 have been reported. B175, which is also embedded in the Cepheus Flare, is a cometary-shaped Bok globule. It is illuminated on the southern edge by the B9.5V type star BD+69 1231, producing the reflection nebula Ced 201. The distance to B175 is estimated to be at a distance of about 400pc; see Bally & Reipurth (2001b) for discussion. Bally & Reipurth (2001b) also report the discovery of HH 450 embedded in Ced 201. It is the only known HH object within B175.
Observations
NGC 7023 and B175 were observed with the MOSAIC camera on the Mayall 4-meter telescope at Kitt Peak National Observatory. MOSAIC is an optical camera that consists of eight 2048×4096 CCD detectors arranged to form a 8192×8192 array with 35 to 50-pixelwide gaps between the CCDs. With a scale of 0.
′′ 26 pixel −1 , the field of view is approximately 36 ′ ×36 ′ . To fill in the gaps and bad columns, all observations are completed in a five-exposure dither pattern with offsets of approximately 100 pixels. The data were reduced with the IRAF package MSCRED in the standard manner. Ten bias frames and five dome flats in each filter were used. The world coordinate system (WCS) was determined via stars from the USNO-B1.0 catalog (Monet et al. 2003 ) with a global solution RMS of better than 0.
′′ 4 in all cases. This is assumed as the accuracy for all measured positions. All of the images were projected to a common WCS to remove geometric distortions and to allow for the images to be aligned. The images in each filter were then combined to fill in the gaps.
Results
As a means of visualizing the structure, the data for each object were combined to form a color-composite image with the methodology described in Rector et al. (2007) . An advantage of searching for HH objects in a color-composite image is that the Hα emission is distinct and readily visible if assigned a unique color. Further, the broadband filters reveal the amount of obscuration from dust and gas. Thus, faint outflows can be found more easily in the complex environments typical of star-forming regions. The results for each object are discussed below.
NGC 7023
A region 36.
′ 5 × 36. ′ 3 in size, centered on the location α 2000 = 21 h 01 m 30. s 5, δ 2000 = +68
• 09 ′ 57 ′′ was searched for new HH objects. At least two distinct outflows were discovered in the northwestern "lobe" of NGC 7023. Four new HH objects are labeled in Figure 1 . All of the HH objects are visible in the Hα and [S II] filters, but are not detected in the broadband filters. Thus we are confident they are sources of line emission only. The objects were named in order of increasing right ascension. When objects are clearly part of the same outflow (e.g., HH 1067) they share a single HH number. When it is uncertain if individual knots are part of the same flow, they are given separate HH numbers. Their coordinates are given in Table 1 . The given positions correspond to the brightest knot in each object. In the western lobe of NGC 7023 they identified "Tight Group B" in the region of our newly discovered outflows. The group consists of four YSOs with an associated bubble structure detected at 3.6 and 4.5µm. Based upon their infrared spectral indices, Kirk et al. (2009) classify all four of the YSOs in Tight Group B as embedded "Class I" protostars. The IRAC archival data (AOR 25037312) of this region are shown in Figure 4 . The HH1067 outflow between components A and B, as well as HH1069 and HH1070, are visible at 3.6 and 4.5µm. This is consistent with deeply embedded sources, as emission at these wavelengths is enhanced in molecular shocks at relatively high temperatures or densities as compared to 5.8 and 8µm emission (Takami et. al. 2010 ). HH1068 is not in the field of view of the IRAC observations. HH1067 appears to be a bipolar outflow with an origin in Tight Group B, whose position is marked in Figure 1 . In both the optical and infrared, HH1067A and HH1067B are clearly connected by a faintly visible and gently curved segmented line that runs through the group and points towards HH1067C. HH1067C may be a termination shock, as its structure is nearly perpendicular to the structure of HH1067B and no HH objects are seen to the west of HH1067C. It is not clear which, if any, of the four YSOs detected in the group is the progenitor for this outflow.
HH1068, HH1069 and HH1070 are also roughly collinear with Tight Group B. The structure of HH1070 strongly suggests a bow shock with an origin in the direction of this group. It is also not clear which YSO is the progenitor of this outflow. However it is worth noting that HH1069 and HH1070 are equidistant and collinear with YSO #100 as identified in Kirk et al. (2009) , suggesting that both HH objects were produced by that object as part of the same ejection event. If HH1068 is also part of this outflow, the angular distance between YSO candidate #100 and HH1068 is 357 ′′ . Assuming a distance to NGC 7023 of 430pc, this is a projected distance of 0.75pc, which is a notable length for an embedded outflow. Assuming a transverse motion of 100 km s −1 of the outflow implies a dynamical age of about 7500 yr. If HH1068, HH1069 and HH1070 are components of a bipolar outflow, then the YSO is likely precessing in a manner similar to PV Cep (Gomez et al. 1997) . The HH1068-HH1070 outflow appears to be embedded within or behind the reflection nebulosity of NGC 7023, as both HH1069 and HH1070 are visible in cavities. HH1068 and the western half of HH1070 are fainter and appear to be partially obscured by dust and gas visible in the broadband filters.
The overall structure observed in NGC 7023 is indicative of two distinct outflows with a common origin. It is similar in appearance to the HH576/577 and BRC 25 cloud core (Reipurth et al. 2004 ). Since they are seen as nearly perpendicular, it is hard to envision a scenario where HH1067 is produced by the same progenitor as HH1068-70, although it could be a binary system. Because HH1067 is visible along most of the outflow, it suggests that it is on the near edge of the NGC 7023 nebula and therefore is likely closer than the HH1068-HH1070 outflow.
B175
A region 40.
′ 6 × 36. ′ 3 in size, centered on the location α 2000 = 22 h 13 m 33. s 3, δ 2000 = +70
• 15 ′ 25 ′′ was searched for new HH objects. The field of B175 is particularly interesting because it contains the outflow HH 450 as well as the supernova remnant SNR G110.3+11.3, both discovered by Bally & Reipurth (2001b) . No new HH objects were found in B175. However, we do reclassify a small filament located between HH 450 and two large filaments of SNR G110.3+11.3. Bally & Reipurth (2001b) originally classified this filament as HH 450X and interpret it as evidence of interaction between the HH outflow and the supernova remnant. Unlike HH 450 and SNR G110.3+11.3, which are detected only in Hα, we detect HH 450X in all of the broadband and narrowband filters, indicating it is a continuum source. Based upon its colors and morphology ( Figure 5 ) we reclassify HH 450X as a background galaxy. The discovery that HH 450X is not a shock front eliminates a key piece of evidence that there is a physical connection between B175 and SNR G110.3+11.3 and makes their relationship less clear.
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Facilities: Mayall. Fig. 1 .-An optical color composite image of the western portion of NGC 7023 that contains the four newly discovered HH objects. The field of view is 10.
′ 7×14. ′ 4. North is up, east is to the left. The HH objects are labeled, as is the location of Tight Group B (shown as a cross). In the grayscale image, the color red was enhanced to better show the HH objects. See the electronic edition of the Journal for a color version of this figure. In the color version, the color assignments for the filters are: B (blue), V (green), R (orange) and Hα (red). that contains the four newly discovered HH objects. The image was generated from archival data AOR 25037312. The field of view is 13. ′ 1×18. ′ 0. North is up, east is to the left. The HH objects are labeled, as are the locations of Tight Group B and YSO candidate #100 from Kirk et al. (2009) . See the electronic edition of the Journal for a color version of this figure. In the color version, the color assignments for the filters are: 3.6µm (blue), 4.5µm (green), 5.8µm (orange) and 8µm (red). ′ 3×6. ′ 5. North is up, east is to the left. See the electronic edition of the Journal for a color version of this figure. In the color version, the color assignments for the filters are: B (blue), V (green), R (orange) and Hα (red). HH450X is detected in all filters, and has the color and morphology of a background galaxy.
